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FOREWORD 
Roughly 1.8 b i l l i o n  people ,  42 p e r c e n t  of  t h e  wor ld ' s  popu- 
l a t i o n ,  l i v e  i n  urban a r e a s  today.  A t  t h e  beginning of t h e  l a s t  
cen tu ry ,  t h e  urban popu la t ion  of t h e  world t o t a l e d  on ly  25 m i l -  
l i o n .  According t o  r e c e n t  United Nat ions  e s t i m a t e s ,  about  3.1 
b i l l i o n  people ,  tw ice  t o d a y ' s  urban popula t ion ,  w i l l  be l i v i n g  
i n  urban a r e a s  by t h e  yea r  2000. 
Scho la r s  and p o l i c y  makers o f t e n  d i s a g r e e  when it comes t o  
e v a l u a t i n g  t h e  d e s i r a b i l i t y o f  c u r r e n t  r a p i d  r a t e s o f u r b a n  growth 
and u r b a n i z a t i o n  i n  many p a r t s  of  t h e  globe.  Somesee t h i s  t r e n d  
a s  f o s t e r i n g  n a t i o n a l  p rocesses  of socioeconomic development, par-  
t i c u a r l y  i n  t h e  poorer  and r a p i d l y  urbaniz ing  c o u n t r i e s  of  t h e  
Third  World; whereas o t h e r s  b e l i e v e  t h e  consequences t o b e  l a r g e l y  
u n d e s i r a b l e  and a rgue  t h a t  such urban growth s h o u l d b e  slowed down. 
This  p a p e r p r e s 5 n t s  c o u n t e r f a c t u r a l  s i m u l a t i o n  r e s u l t s  gener- 
a t e d  by a  g e n e r a l  e q u i l i b r i u m  model t h a t  d e s c r i b e  s t h e  u r b a n i z a t i o n  
and development expe r i ence  of  Sweden du r ing  t h e  y e a r s  1870-1914. 
The s imu la t ions  stress t h e  e f f e c t s  of mig ra t ion  on t h e  i n d u s t r i -  
a l i z a t i o n  of Sweden. Urban ~ a r l s t r 6 m ' s  h i s t o r i c a l  a n a l y s i s  of  
Sweden's development j o i n s  a  c o l l e c t i o n  of n a t i o n a l  case  s t u d i e s  
t h a t  a r e  being concluded a s  p a r t  of t h e  HSS Area ' s  Popula t ion ,  
Resources,  and Growth Task. 
A l i s t  of t h e  papers  i n  t h e  Popula t ion ,  Resources,  and Growth 
S e r i e s  appears  a t  t h e  end of t h i s  paper.  
Andrei Rogers 
Chairman 
Human Se t t l emen t s  
and Se rv i ces  Area 
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ABSTRACT 
This paper discusses some preliminary results of the Swedish 
case study of the Population, Resources, and Growth Task. The 
study highlights the Swedish demoeconomic development during its 
first phase of industrialization, the pre-World War I period, 
with specific emphasisonan analysis of the economic consequences 
of rural-to-urban migration and emigration. The paper starts with 
a short review of the model that has been developed-a so-called 
numerical general equilibrium model, especially designed to cap- 
ture Swedish development. Results of simulations over a 20 year 
period are given. After discussing the capability of the model 
to capture the Swedish development,some policy analyses are car- 
ried out through counterfactual simulations, both in a static and 
a dynamic setting. Three dynamic simulations are undertaken to 
analyze the role of rural-to-urban migration and emigration in 
Swedish industrialization, and some preliminary results are pre- 
sented concerning their importance forthedevelopment of the 
Swedish economy. 
CONTENTS 
1. INTRODUCTION 
2. THE MODEL 
3. DATA BASE AND VALIDATION 
4. COMPARATIVE STATIC EXPERIMENTS 
5. DYNAMIC EXPERIMENTS 
6 . CONCLUDING REEIARKS 
APPENDIX I: THE EQUATION SYSTEM OF THE MODEL 
APPENDIX 11: RESULTS FROM THE COMPARATIVE STATIC 
EXPERIMENTS 
REFERENCES 
RECENT PAPERS IN THE POPULATION, RESOURCES, AND 
GROWTH SERIES 
THE ROLE OF EMIGRATION AND MIGRATION 
IN SWEDISH INDUSTRIALIZATION--SOME 
PRELIMINARY RESULTS USING A COMPUTABLE 
GENERAL EQUILIBRIUF.1 MODEL 
1. INTRODUCTION 
Some of the most challenging problems of today are connected 
with urbanization and development. In order to understand the 
interaction between economic growth and urbanization in the Third 
World, there has been increasing interest in the analysis of the 
historical experiences of developed countries. This is the pur- 
pose of the Swedish case study, discussed in this paper. Through 
an analysis of the crucial factors in Swedish demoeconomic devel- 
opment, it is hoped that further insights into the interactions 
of economic and demographic variables can be gained. 
When focusing on Swedish development, one will study a very 
small and a very open economy. Sweden in the 19th century was 
not a country in isolation but closely linked to and dependent 
on the rest of the world. Foreign demand and export was one of 
the growth-creating factors contributing to a per capita growth 
of Sweden, which was among the highest of that time. The annual 
growth in per capita income was 2 percent between 1870 and 1914. 
The openness of the economy played a crucial role not only in the 
economic development, but also in the demographic development. 
The industrial breakthrough coincided with the period of mass 
emigration to North America, an emigration that was of such a 
magnitude as to effect the growth pattern of the population. 
-1- 
Between 1870 and 1914 t h e  Swedish popula t ion  increased  from 4.2 
t o  5.6  m i l l i o n  people b u t  dur ing t h e  same per iod  emigrat ion 
dra ined  t h e  popula t ion  of roughly 1.1 m i l l i o n .  There was n o t  
only cons iderable  movement o u t  of t h e  country b u t  a l s o  a  substan- 
t i a l  amount of rural- to-urban migrat ion.  The p ropor t ion  of t h e  
popula t ion  l i v i n g  i n  towns and c i t i e s  increased  from 13 t o  31 
pe rcen t  dur ing  t h e  prewar per iod.  
Needless t o  say t h i s  ex tens ive  r e d i s t r i b u t i o n  of t h e  popu- 
l a t i o n  had a  l a r g e  impact on t h e  performance of economic growth. 
But t h e  l inkage  between demographic and economic f a c t o r s  cannot 
be captured i n  a  simple one-way d i r e c t i o n .  Espec ia l ly  when m i -  
g r a t i o n  p lays  a  r o l e ,  t h e  e x i s t e n c e  of c a u s a l i t y  i n  both d i r ec -  
t i o n s  between demographic and economic v a r i a b l e s  have t o  be 
taken  i n t o  account.  This  i n t e r p l a y  i s  c r u c i a l  when h i g h l i g h t i n g  
u rban iza t ion  and development, and a f f e c t s  t h e  choice  of metho<- 
ology f o r  t h i s  s tudy.  
Within a  gene ra l  equi l ib r ium framework it is p o s s i b l e  t o  
reach beyond a  p a r t i a l  a n a l y s i s  and r e v e a l  some of t h e  important  
mechanisms i n  t h e  r a t h e r  complicated i n t e r p l a y  between var ious  
v a r i a b l e s  causing t h e  demoeconomic development of a  country.  
Thus t h e  model f o r  t h i s  s tudy  has been developed w i t h i n  t h i s  ap- 
proach. I t  i s  a  so -ca l l ed  computable gene ra l  equ i l ib r ium model 
wi th in  t h e  t r a d i t i o n  of m u l t i s e c t o r a l  growth models. But our  
model h a s  been designed t o  f i t  t h e  Swedish prewar development 
f o r  t h e  purpose of undertaking c o u n t e r f a c t u a l  a n a l y s i s .  
For t h i s  paper pre l iminary  r e s u l t s  w i l l  be d iscussed .  But 
befoke going i n t o  a  d i s c u s s i o n  of t h e  r e s u l t s ,  a  b r i e f  review 
of t h e  model w i l l  be given i n  s e c t i o n  2. I n  t h e  t h i r d  s e c t i o n  
some comments w i l l  be given about t h e  d a t a  base ,  e s t ima t ion  pro- 
cedure,  and v a l i d a t i o n ,  and i n  s e c t i o n  4 some comparative s t a t i c  
experiments w i l l  be d isp layed .  I n  s e c t i o n  5 t h e  c a p a b i l i t y  of 
t h e  model t o  r e p l i c a t e  Swedish demoeconomic development between 
1871 and 1880 w i l l  be d iscussed  be fo re  going i n t o  c o u n t e r f a c t u a l  
s imula t ions .  These c o u n t e r f a c t u a l  s imula t ions  w i l l  address  t h e  
ques t ion  of t h e  r o l e  of migra t ion ,  e x t e r n a l  a s  w e l l  a s  i n t e r n a l ,  
i n  Swedish i n d u s t r i a l i z a t i o n .  F i n a l l y  i n  t h e  l a s t  s e c t i o n ,  some 
concluding remarks w i l l  be given.  
2. THE MODEL 
The model that has been used for the analysis has been pre- 
sented in detail elsewhere (~arlstr6m 1980), so in this section 
a brief overview will be given.* 
Sector Division 
The structure of the model is very much based on the duality 
between a traditional agricultural sector, and a more modern in- 
dustrial sector. But to capture some of the mechanism that has 
driven the Swedish economic growth the model has to be extended 
beyond the two-sector analysis (see Table 1). Therefore the 
modern sector is divided into four sectors; an export-oriented 
industry sector, a homemarket-oriented industry sector, a service 
sector, and a building and construction sector. 
The export-oriented sector consists of the branches of the 
industry that mainly meet demand from abroad, such as the wood 
industry, mining and metal, and the paper and pulp industry. The 
homemarket-oriented sector covers the rest of the manufacturing 
industry, mainly consumer goods of different types. The service 
sector is an aggregate of very different kinds of services, com- 
merce, public administration, domestic service and services of 
dwellings. The building and construction sector produces a large 
share of the investment. These four non-agricultural sectors are 
treated as the urban sector opposed to the rural sector which is 
just the agricultural sector. 
However, at this point it is necessary to notice one speci- 
fic feature of Swedish industrialization; namely, that the indus- 
tries to a great extent, were located in rural areas and not in 
towns and cities. In particular, the industries that initiated 
the new epoch, the wood, mining and metal industries, can be char- 
acterized as rural-based. In 1896, for example, 99.9 percent of 
workers in mining and basic metal industry and 42.5 percent of 
workers in metal manufacturing were occupied in rural areas. A 
typical feature of the Swedish urbanization process was the 
*The complete mathematical statement of the model is given 
in Appendix I. 
Table 1 The product.ion sectors in the model and their empirical 
counterparts. 
Subscripts sectora 
Agriculture, forestry, and fishing 
Export-oriented industry 
(mining and metal, wood products, pulp, paper and 
printing, food products) 
Homemarket-oriented industry 
(textile and clothing, leather, hair and rubber, 
chemical industries, power station, water and gas 
works, stone, clay, and glass) 
Service 
(commerce and other services, public administration, 
transport and communication, services of dwellings) 
5 Building and construction 
u Sectors 2-5 are sometimes treated as one group, the urban sector (U), i n  
contrast with the agriculture sector ( A ) .  
creation of new and larger towns. This phenomenon occurred through 
the growth of population agglomerations around rural industries. 
Thus, urbanization in Sweden did not continuously reflect the to- 
tal movement of population. This point is important when inter- 
preting the model. In the model all nonagricultural activities 
are characterized as urban. Thus migration and urbanization in 
the model reflects the total reallocation of population caused 
by industrialization, but the model results cannot be given a 
spatial/geographical interpretation. 
Production Functions 
Output is assumed to be a function of two sorts of inputs: 
resources and intermediate goods. In the four urban sectors, 
capital and labor are the two resources used. They are assumed 
to be substitutable factors and combined in a conventional neo- 
classical production function. To reflect the stylized fact 
that labor's share of value-added changed during the period of 
study,CES functions have been chosen for each of-the urban sec- 
t o r s .  I n  a g r i c u l t u r e ,  l a n d  i s  t r e a t e d  a s  a  f a c t o r  o f  p roduc t i on  
i n  a d d i t i o n  t o  c a p i t a l  and l a b o r .  C a p i t a l  and l a b o r  a r e  combined 
i n  a  CES f u n c t i o n  which i s  n e s t e d  i n t o  a  Cobb-Douglas f u n c t i o n .  
The requ i rement  f o r  i n t e r m e d i a t e  r e s o u r c e s  is  g i v e n  by f i x e d  
i npu t - ou tpu t  c o e f f i c i e n t s .  
There i s  h i s t o r i c a l  ev idence  t h a t  t e c h n o l o g i c a l  p r o g r e s s  
had an e x t e n s i v e  g rowth-c rea t ing  e f f e c t  on t h e  economy of  Sweden. 
I t  has  a l s o  been shown t h a t  t h e  growth i n  t echno logy  was n o t  
n e u t r a l  b u t  was l abo r - s av ing  ( J u n g e n f e l t  1 966 ; a b e r g  1 969) . 
Moreover, t h e  l abo r - s av ing  b i a s  was a  c h a r a c t e r i s t i c  n o t  o n l y  
o f  t h e  i n d u s t r i a l  s e c t o r s  b u t  a l s o  of t h e  a g r i c u l t u r a l  s e c t o r .  
The model f o r m u l a t i o n  c a p t u r e s  t h e s e  c h a r a c t e r i s t i c s .  The t e ch -  
n o l o g i c a l  f a c t o r s  a r e  s e c t o r -  and f a c t o r - s p e c i f i c  and grow a t  
d i f f e r e n t  r a t e s  o v e r  t i m e .  
F a c t o r  Markets  
I n  connec t ion  w i t h  t h e  unde r ly ing  t heo ry  it i s  assumed i n  
t h e  model t h a t  f i r m s  maximize p r o f i t s  and t h a t  t h e r e  i s  p e r f e c t  
compe t i t i on  i n  a l l  p roduc t  and f a c t o r  markets .  The re fo r e ,  t h e  
f a c t o r s  o f  p roduc t i on  a r e  p a i d  i n  correspondence  w i t h  t h e  v a l u e  
o f  i t s  marg ina l  p roduc t .  I t  is  a l s o  assumed t h a t  a l l  r e s o u r c e s  
a r e  f u l l y  employed, and t h u s ,  no underemployment o r  unemployment 
o c c u r s  i n  t h e  model. I n s t e a d  unemployment du r ing  c e r t a i n  p e r i o d s  
of t i m e  might be r e f l e c t e d  i n  a  downward ad ju s tmen t  o f  t h e  wages. 
When d e s c r i b i n g  t h e  f a c t o r  marke t s ,  t h e  d i s t i n c t i o n  between 
r u r a l  and urban a r e a s  i s  impor t an t .  I n  a  pu re  g e n e r a l  e q u i l i b -  
rium model t h e  l a b o r  f o r c e  i s  a l l o c a t e d  i n  each  p e r i o d  o f  t i m e  
i n  such a  way a s  t o  e q u a l i z e  wages. I n  o u r  model, which ha s  t o  
r e f l e c t  t h e  Swedish s t y l i z e d  f a c t s ,  it i s  n e c e s s a r y  t o  e l a b o r a t e  
on t h i s  p o i n t .  Th i s  i s  done i n  t h e  f o l l o w i n g  two ways. 
F i r s t l y ,  t h e r e  a r e  two l a b o r  markets  i n  t h e  model, one  
r u r a l  and one urban.  These a r e  t i e d  t o g e t h e r  th rough  m i g r a t i o n  
o f  p o p u l a t i o n  from r u r a l  t o  urban a r e a s .  Thus, t h e r e  a r e  a l s o  
two supp ly  f u n c t i o n s  o f  l a b o r .  The supp ly  i s  s imply  a  c e r t a i n  
s h a r e  o f  t h e  p o p u l a t i o n  i n  t h e  two a r e a s .  But t h i s  s h a r e  ( t o t a l  
agg r ega t e  l a b o r  p a r t i c i p a t i o n  r a t e )  i s  decomposed t o  c a p t u r e  d i f -  
f e r e n t  age  and s ex  s t r u c t u r e s  a s  w e l l  a s  d i f f e r e n t  s e x - s p e c i f i c  
l a b o r  p a r t i c i p a t i o n  r a t e s  between r u r a l  and urban a r e a s .  With 
two l a b o r  markets ,  two wages w i l l  be determined s o  t h a t  supply 
and demand a r e  matched on bo th  markets.  
But, t h e  assumption of one urban wage does no t  correspond 
wi th  t h e  l a r g e  d i f f e r e n c e s  which have been observed among wages 
i n  t h e  s e c t o r s  c o n s t i t u t i n g  t h e  urban s e c t o r  ( s e e  F igu re  1 i n  
Karlstr6m 1980:lO). Therefore ,  secondly,  t h e  l a b o r  f o r c e  i s  
always a l l o c a t e d  on t h e  urban f a c t o r  market s o  t h a t  a  c e r t a i n  
exogenously determined s t r u c t u r e  of t h e  wages of t h e  urban sec- 
t o r s  remains s t a b l e  over  t ime.  The d i f f e r e n c e  i n  urban s e c t o r i a l  
wages may r e f l e c t ,  f o r  example, d i f f e r e n t  s h a r e s  of s k i l l e d  l a b o r .  
These two c o n s t r a i n t s  on t h e  wage e q u a l i z a t i o n  mechanism 
p u t  i n t o  a g e n e r a l  e q u i l i b r i u m  framework g i v e  more realism t o  
ou r  model b u t  do n o t  r e a l l y  move it away from t h e  n e o c l a s s i c a l  
theory .  Even though t h e  l a b o r  f o r c e  i s  n o t  p e r f e c t l y  mobile,  
through mig ra t ion  it w i l l  be  r e a l l o c a t e d  from a l o w  wage s e c t o r  
t o  a n  urban l a b o r  market w i th  h ighe r  wages (migra t ion  i s  a func- 
t i o n  of r e l a t i v e  wage d i f f e r e n c e s ) .  And by s p e c i f y i n g  a n  urban 
wage s t r u c t u r e  which i s  s t a b l e  over  t ime t h e  r e l a t i v e  i n c r e a s e  
i n  wages between two y e a r s  i s  equa l ized  among t h e  urban s e c t o r s  
i n s t e a d  of assuming e q u a l i z a t i o n  of wages i n  each pe r iod  of t ime.  
T o t a l  sav ings  (endogenously determined i n  t h e  model) make 
up t h e  t o t a l  g r o s s  investments .  Investments a r e  d iv ided  between 
r u r a l  and urban a r e a s .  D i f f i c u l t i e s  i n  modeling t h e  imper fec t  
c a p i t a l  market which p r e v a i l e d  i n  Sweden du r ing  t h e  prewar pe r iod ,  
a s  w e l l  as problems i n  f o m u l a t i n g  an  e m p i r i c a l l y  reasonable  
f u n c t i o n  of  t h e  i n v e s t o r s  behavior ,  have made it necessary  a t  
t h i s  s t a g e  t o  determine t h e  s h a r e  of  t o t a l  investment  a l l o c a t e d  
t o  t h e  r u r a l  a r e a  exogenously. Within t h e  urban s e c t o r  t h e  en- 
t i r e  "urban" c a p i t a l  s t o c k ,  n o t  j u s t  new investments ,  i s  assumed 
t o b e c o m p l e t e l y  mobile.  Between t h e  f o u r  urban s e c t o r s  t h e  cap i -  
t a l  i s  a l l o c a t e d  s9 t h a t  an  exogenously g iven  s t r u c t u r e  of t h e  
s e c t o r i a l  r a t e  of r e t u r n s  w i l l  be f u l f i l l e d  i n  each pe r iod  of 
t i m e .  There a r e  many r easons  t o  expec t  s e c t o r i a l  d i f f e r e n c e s  i n  
t h e  r a t e  of r e t u r n  on c a p i t a l ,  i . e . ,  d i f f e r e n t  r i s k s  connected 
w i t h  inves tments ,  d i f f e r e n t  degrees  of monopolization,  d i f f e r e n t  
average s i z e  of f i rms ,  e t c .  
Household Demand and Income 
Consumption demand and i t s  p a t t e r n  have l o n g  been suppressed  
i n  t h e  e x p l a n a t i o n  o f  t h e  long-run growth p r o c e s s .  I n  some em-  
p i r i c a l  s t u d i e s ,  however, t h e  impor tance  o f  f i n a l  demand and i t s  
s t r u c t u r e  h a s  been s t r e s s e d .  When income grows t h e  budget  s h a r e  
of d i f f e r e n t  commodities changes.  These changes  a r e  due t o  bo th  
p r i c e  and income e f f e c t s .  Changes i n  r e l a t i v e  p r i c e s  a f f e c t  t h e  
a l l o c a t i o n  o f  ex p en d i t u r e .  When t h e  p e r  c a p i t a  income grows, t h e  
marg ina l  i n c r e a s e  i n  demand f o r  l u x u r i e s  i s  l a r g e r  t h a n  t h a t  f o r  
n e c e s s i t i e s .  T h i s  so - ca l l ed  Engel e f f e c t  h a s  been a t y p i c a l  f e a -  
t u r e  of  t h e  growth p r o c e s s  i n  v a r i o u s  t y p e s  o f  c o u n t r i e s  on d i f -  
f e r e n t  development l e v e l s ,  and Sweden i s  no e x c e p t i o n  (Pa rks  
1969:648). 
Our f o r m u l a t i o n  o f  t h e  model de t e rmines  commodity p r i c e s  
and t h e  demand of  t h e  d i f f e r e n t  commodities endogenously,  a s  w e l l  
a s  c a p t u r i n g  t h e  Engel  e f f e c t .  Thus, p r i c e s  a r e  a l lowed  t o  i n -  
f l u e n c e  demand, and demand i n f l u e n c e  p r i c e s .  The s e l e c t e d  form 
of  t h e  demand f u n c t i o n s  i s  t h e  L i n e a r  Expendi tu re  System. One 
demand sys tem i s  s p e c i f i e d  f o r  t h e  u rban  a r e a ,  and one f o r  t h e  
r u r a l .  T h i s  a l l o w s  u s  t o  i n v e s t i g a t e  how impor t an t  t a s t e  d i f -  
f e r e n c e s  between r u r a l  and u rban  a r e a s  a r e .  T h i s  i s  sometimes 
s t r e s s e d  i n  t h e  development l i t e r a t u r e  (Ke l ley  e t  a l .  1974:76).  
The e x p e n d i t u r e  on consumption i s  what remains  o f  income 
a f t e r  d ed u c t i o n  f o r  t a x e s  and s av ings .  Al ready  i n  t h e  1870 ' s  
a l a r g e  range  o f  d i f f e r e n t  t a x e s  and d u t i e s  e x i s t e d  i n  Sweden; 
d i f f e r e n t  p r o p e r t y  t a x e s ,  a p r o p o r t i o n a l  income t a x ,  a p e r s o n a l  
t a x  f o r  a d u l t s  independen t  of  income, and s o  on.  I n  t h e  model, 
t h e  1 9 t h  c e n t u r y  t a x a t i o n  system i s  roughly  d e s c r i b e d  by a pro-  
p o r t i o n a l  t a x  on c a p i t a l  and wage. I n  a d d i t i o n  t o  o t h e r  incomes, 
t h e  r u r a l  household  a l s o  r e c e i v e s  r e m i t t a n c e s  from p r e v i o u s  e m i -  
g r a n t s .  These r e m i t t a n c e s  have o f t e n  been n e g l e c t e d  i n  s t u d i e s  
o f  t h i s  p e r i o d ,  b u t  t h e y  a r e  of  s u b s t a n t i a l  magnitude.  For t h e  
Swedish case t h e  amount f l u c t u a t e s  around a n  ave rage  o f  0 . 5  t o  
1 p e r c e n t  of  t h e  Swedish n a t i o n a l  p roduc t .  
Sav ings  and Inves tment  
Sav ings  o r i g i n a t e  from two d i f f e r e n t  s o u r c e s :  p r i v a t e  
s a v i n g s  and government s a v i n g s ,  P r i v a t e  s a v i n g s  a r e  d e r i v e d  
from l a b o r  and c a p i t a l  incomes i n  b o t h  a g r i c u l t u r a l  and urban 
s e c t o r s .  The p a r t s  of  t h e  income which i s  devoted  t o  cove r  
b a s i c  needs  o f  p o p u l a t i o n  i s  s u b t r a c t e d  from t h e  b a s e  o f  s a v i n g s .  
The s a v i n g  s h a r e s  a r e d e t e r m i n e d  o u t s i d e  t h e  model,  and it i s  
assumed t h a t  t h e  s a v i n g s  r a t i o  from c a p i t a l  income i s  h i g h e r  t h a n  
from l a b o r  income. Fur thermore ,  s a v i n g s  a r e  a l s o u n d e r t a k e n  by 
t h e  government and i t s  s a v i n g s  i s  what remains  a f t e r  governmental  
e x p e n d i t u r e s  (exogenously de te rmined)  a r e  deduc ted  from govern- 
menta l  income. T h i s  income o r i g i n a t e s  from t h r e e  sou rce s ;  t a x e s ,  
custom d u t i e s , a n d  f o r e i g n  borrowing (exogenously  d e t e r m i n e d ) .  
Thus t h e  t o t a l  s a v i n g s  i s  determined endogenously i n  t h e  model, 
and d e t e r m i n es  i n v es t m en t  i n  each  p e r i o d  of  t i m e .  Gross  i n v e s t -  
ment i s  added t o  t h e  c a p i t a l  s t o c k  a f t e r  d e d u c t i o n  f o r  d e p r e c i -  
a t i o n ,  a s  p r e v i o u s l y  d e s c r i b e d .  
Expor t  and Import  
A s  h a s  a l r e a d y  been p o i n t e d  o u t  i n  t h e  s e c t o r i a l  d i v i s i o n  
of  t h e  model, e x p o r t s  have  p layed  a c r u c i a l  r o l e  i n  Swedish 
economic development.  One o f  t h e  most c h a r a c t e r i s t i c  f e a t u r e s  
of  t h e  s t r u c t u r a l  change o f  t h e  e x p o r t  i s  t h e  t r a n s i t i o n  from 
e x p o r t i n g  mainly  r a w  m a t e r i a l s  and less r e f i n e d  commodities 
t o  more manufactured p r o duc t s .  T h i s  i s  t r u e  b o t h  f o r  a g r i c u l -  
t u r e  and i n d u s t r y .  I n i t i a l l y ,  impor t s  c o n c e n t r a t e d  on o n l y  a 
few p r o d u c t s ,  a s  d i d  e x p o r t s ,  b u t  as t h e  economy grew impor t s  
became more and more d i v e r s i f i e d .  
I n  o r d e r  t o  a l l o w  f o r  bo th  e x p o r t s  and i m p o r t s  i n  t h e  sec- 
t o r s ,  one h a s  t o  assume a f i n i t e  e l a s t i c i t y  o f  s u b s t i t u t i o n  be- 
tween d o m e s t i c a l l y  produced commodities and t h o s e  s u p p l i e d  by 
f o r e i g n  p roducers .  Relying on t h i s  assumpt ion s e p a r a t e  e x p o r t  
and impor t  f u n c t i o n s  a r e  fo rmula ted  f o r  e ach  o f  t h e  t r a d e  p a r t i -  
c i p a t i n g  s e c t o r s .  
Expor t s  from t h e  a g r i c u l t u r a l  and t h e  homemarket-oriented 
s e c t o r s  a r e  de te rmined  by t h e  r a t i o  between domes t i c  p roduc t i on  
c o s t s  and world market  p r i c e s  and t h e  i n c r e a s e  of  wor ld  markets .  
Sweden i s  assumed t o  be a s m a l l  coun t ry  on t h e  wor ld  market ,  i . e . ,  
it cannot  i n f l u e n c e  world market  p r i c e s  and t h e y  a r e  t h e r e f o r e  
exogenous i n  t h e  model. Domestic p r o d u c t i o n  c o s t s  a r e  endogen- 
o u s l y  determined.  For  t h e  e x p o r t - o r i e n t e d  sector,  it i s  assumed 
t h a t  t h e  e x p o r t - l i m i t i n g  f a c t o r  i s  t h e  growth o f  t h e  c a p a c i t y  o f  
t h e  i n d u s t r y  ( i .e . ,  i n c r e a s e s  of p r o d u c t i v i t y  and format ion o f  
new c a p i t a l )  and t h a t  i t s  produc ts  a r e  s o l d  a t  world market p r i -  
c e s  on t h e  home markets.  Technica l ly  t h e  expor t  o f  t h i s  s e c t o r  
i s  determined a s  a  r e s i d u a l  i n  t h e  ba lance  of payments. This  
means, f o r  i n s t a n c e ,  t h a t  t h e  growth of  t h e  c a p a c i t y  of t h e  ex- 
p o r t  i n d u s t r y  w i l l  i m p l i c i t l y  be t h e  l i m i t i n g  f a c t o r  on e x p o r t s  
through t h e  development of  o t h e r  v a r i a b l e s  i n  t h e  model. 
The imported s h a r e  of  t h e  domestic supp lyon  t h e  home markets 
a r e  determined by t h e  r e l a t i o n s h i p  between domestic p roduc t ion  
c o s t s  and world market p r i c e s .  
Migrat ion and Popula t ion  Growth 
A s  has  a l r e a d y  been po in ted  o u t ,  t h e  d i f f e r e n c e s  i n  economic 
f o r c e s  between t h e  a g r i c u l t u r a l  s e c t o r  and t h e  more modern indus- 
t r i a l  s e c t o r s  caused a  r e a l l o c a t i o n  of t h e  most mobile product ion 
fac tor - the  l a b o r  f o r c e .  Migrat ion was s t imu la t ed  by i n d u s t r i a l i -  
z a t i o n ,  and a  s t r o n g  r e l a t i o n s h i p  can be seen between t h e  i n c r e a s e  
i n  migra t ion  and t h e  i n d u s t r i a l  breakthrough.  But popu la t ion  
movements w e r e  n o t  on ly  d i r e c t e d  t o  Swedish growth c e n t e r s  b u t  
a l s o  t o  North America. Emigration occur red  i n  t h r e e  b i g  waves 
( s e e  F igu re  1 )  and has  been expla ined  by d i f f e r e n c e s  i n  economic 
performance between t h e  United S t a t e s  and Sweden ( s e e  Hamberg 
1976).  
I n  t h e  model mig ra t ion  i s  a  f u n c t i o n  o f  t h e  r e l a t i v e  wage 
between r u r a l  and urban r eg ions .  The formula t ion  l ies  w i t h i n  t h e  
Harris-Todaro approach even though t h e  model assumes f u l l  employ- 
ment. On t h e  o t h e r  hand, wages i n  t h e  model a r e  f u l l y  mobile, 
a d j u s t  t o  d i f f e r e n c e s  i n  supply and demand, and t h e r e f o r e  r e f l e c t  
i m p l i c i t l y ,  by downward ad jus tment ,  excess  supply o r  unemployment. 
I n  t h e  v e r s i o n  o f  t h e  model t h a t  has  been used f o r  t h e  r e s u l t s  
p re sen ted  i n  t h i s  paper ,  emigra t ion  is  exogenously determined.  
The n a t u r a l  i n c r e a s e  of popula t ion  i s  determined o u t s i d e  
t h e  model. But by making t h e  n a t u r a l  i n c r e a s e  s e c t o r - s p e c i f i c  
i n  t h e  model, it c a p t u r e s  t h e  b i g  d i f f e r e n c e s  i n  t h e  demographic 
v a r i a b l e s  between r u r a l  and urban r eg ions .  The urban a r e a s  showed 
h ighe r  c rude  b i r t h  and d e a t h  r a t e s  dur ing  t h e  i n i t i a l  y e a r s  of 
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Figure 1 Registered emigration from Sweden to non-European 
countries, 1860-1915. (SOURCE: Runblom and Norman 
1975, Table 5.1:117). 
i n d u s t r i a l i z a t i o n .  The d e c l i n e  was, on t h e  o t h e r  hand,  f a s t e r  
i n  urban a r e a s .  The p a t t e r n s  o f  change w e r e  s i m i l a r  even though 
t h e  magnitude d i f f e r e d .  The demographic dua l i sm  between r u r a l  
and u rban  a r e a s  was t h u s  r e f l e c t e d  i n  t h e  i n i t i a l  d i f f e r e n c e s  i n  
t h e  demographic v a r i a b l e s  r a t h e r  t han  i n  t h e  p a t t e r n  a f  change. 
Dynamics 
For each  p e r i o d  of  t i m e  t h e  model i s  s o l v e d  s o  t h a t  a s t a t i c  
e q u i l i b r i u m  i s  reached.  The growth p r o c e s s  i s  t h u s  a sequence 
of  s t a t i c  e q u i l i b r i a ,  and it i s  gene ra t ed  mainly  by t h e  fo l l owing  
v a r i a b l e s :  
1. C a p i t a l  growth. The growth o f  c a p i t a l  i s  determined 
by t h e  endogenously gene ra t ed  s av ings .  
2. P r o d u c t i v i t y  growth. The growth of p r o d u c t i v i t y  i s  
s e c t o r  and f a c t o r  s p e c i f i c  and i s  growing a t  r a t e s  
de te rmined  o u t s i d e  t h e  model. 
3 .  P o p u l a t i o n  growth. F e r t i l i t y ,  m o r t a l i t y ,  and emigra- 
t i o n  d e t e r m i n es  t h e  growth o f  t o t a l  p o p u l a t i o n .  The 
r e g i o n a l  p o p u l a t i o n  growth i s  endogenously determined 
because  r u r a l - t o - u rban  m i g r a t i o n  i s  gene ra t ed  by t h e  
mode 1. 
3 .  DATA BASE AND VALIDATION 
An e x t e n s i v e  d a t a  b a s e  ha s  been p u t  t o g e t h e r  f o r  t h e  imple- 
menta t ion  o f  t h e  model. I n  t h i s  s e c t i o n  a b r i e f  overview of 
t h e  p r i n c i p l e s  o f  t h e  d a t a  b a s e ,  model e s t i m a t i o n ,  and v a l i d a t i o n  
* 
w i l l  be g iven .  
The f i r s t  d e c i s i o n  r e q u i r e d  f o r  t h e  numer ica l  implementa- 
t i o n  i s  t h e  c h o i c e  o f  base  p o i n t  o f  t i m e .  The 1870s a r e  looked 
upon a s  t h e  beg inn ing  o f  Swedish i n d u s t r i a l i z a t i o n .  T he re fo r e ,  
w e  chose  t o  s t a r t  a s  e a r l y  a s  p o s s i b l e  i n  t h a t  decade.  The y e a r  
1871 i s  picked  because  b e f o r e  t h a t  y e a r  some c r u c i a l  d a t a  series 
do n o t  e x i s t ,  1871 i s  a l s o  a r e a sonab l e  y e a r  from t h e  economic 
p o i n t  of  view. I t  i s  i n  t h e  p a r t  o f  t h e  upswing o f  t h e  b u s i n e s s  
*For a d e t a i l e d  d i s c u s s i o n  see fo r thcoming  working pape r  
(Kar l s t rom 1982) . 
c y c l e ,  b u t  h a s  n o t  r eached  t h e  peak o f  t h e  g e n e r a l  b u s i n e s s  ac-  
t i v i t y  (see ~ 6 r b e r g  1 9 6 1 ) ,  and it i s  i n  t h e  downswing o f  t h e  
f i r s t  e m i g r a t i o n  c y c l e .  
For  a  sys tem a s  l a r g e  a s  o u r  model it is  a n  overwhelming 
and even i m p o ss i b l e  t a s k  t o  e s t i m a t e  a l l  t h e  c o e f f i c i e n t s .  For 
many o f  them no t i m e  series e x i s t .  I n s t e a d  w e  a r e  f o r c e d  t o  
r e l y  on rougher  methods. This  i s  n o t  o n l y  due t o  t h e  d i s t a n t  
p e r i o d  of  t i m e  which i s  t h e  f ocus  of  t h i s  s t u d y ,  b u t  a l s o  is  t h e  
common way when implementing a  computable g e n e r a l  e q u i l i b r i u m  
mode 1. 
I t  i s  of c r u c i a l  impor tance  t h a t  t h e  d a t a  b a s e  which i s  
used i s  c o n s i s t e n t .  Th e r e fo r e ,  w e  have chosen t o  o r g a n i z e  and 
p u t  t o g e t h e r  a v a i l a b l e  d a t a  i n  t h e  form o f  i npu t -ou tpu t  t a b l e s .  
Inpu t -ou tpu t  t a b l e s  a r e  made f o r  s i x  years-1871, 1880, 1890, 
1900, 1910, and 1913. The main sou rce  h a s  been Johansson (1967) 
and Krantz and N i l s s o n  ( 1 975 ) .  
The i n p u t - o u t p u t  t a b l e  i s  t h u s  o u r  main s o u r c e  f o r  b a s e  
y e a r  estimates o f  t h e  c o e f f i c i e n t s .  Toge ther  w i t h  time-series 
e s t i m a t e s  o f  some c o e f f i c i e n t s  sometimes p icked  from d i f f e r e n t  
s t u d i e s  and g u es se s  based on q u a l i t a t i v e  i n fo rma t ion ,  a l l  t h e  
c o e f f i c i e n t s  have been e s t i m a t e d .  The s o l u t i o n  a l g o r i t h m s  t h a t  
have been used a r e  developed by Andras ~ 6 r  and a  d e s c r i p t i o n  
can  be found i n  Bergman and P6r (1 982) . 
The b a se  s o l u t i o n  i n  1871 is  t h e  f i r s t  s t e p  i n  v a l i d a t i n g  
t h e  model. Because t h e  pa ramete r s  a r e  e s t i m a t e d  so t h a t  t h e  d a t a  
base  shou ld  be reproduced i n  t h e  b a s e  y e a r  s o l u t i o n ,  it i s  noth- 
i n g  more t h a n  a  t e c h n i c a l  v a l i d a t i o n  o f  t h e  model. The t o t a l  
v a l i d a t i o n  i n c l u d e s  two more s t e p s .  I n  t h e  second s t e p  t h e  
s e n s i t i v i t y  o f  t h e  model t o  changes of pa ramete r s  and exogenous 
v a r i a b l e s  w i l l  be ana lyzed  and i n  t h e  t h i r d  s t e p  o f  v a l i d a t i o n  
t h e  c a p a b i l i t y  of t h e  model t o  reproduce  t h e  growth o f  t h e  
Swedish economy w i l l  be e v a l u a t e d .  
The model d i s p l a y s  a  r a t h e r  compl ica ted  n o n l i n e a r  r e l a t i o n -  
s h i p  between v a r i o u s  v a r i a b l e s  c a p t u r i n g  d i f f e r e n t  p o s s i b i l i t i e s  
o f  b e h a v i o r a l  c h o i c e .  The re fo r e ,  f o r  example, s e c t o r i a l  pro-  
d u c t i o n ,  d i s t r i b u t i o n  o f  f a c t o r s  o f  p roduc t i on ,  consumption 
p a t t e r n s  and s o  on co u l d  e a s i l y  d i f f e r  from a c t u a l  ba se  y e a r  
d a t a .  The c a p a b i l i t y  o f  r ep roduc ing  t h e  b a s i c  d a t a  se t  i s  t h u s  
a f i r s t  t e s t  of t h e  model. Does it pass  t h e  t e s t ?  Indeed it 
does. I n  t h e  base  yea r  a l l  commodity p r i c e s  a r e  assumed t o  be 
one. None of t h e  p r i c e s  d i f f e r  more t h a n o n e  p e r c e n t  from one. 
Even t h e  rest of t h e  endogenous v a r i a b l e s  a r e  c l o s e  t o  a c t u a l  
base-year da t a .  Only one d i f f e r s  s l i g h t l y  more than  one p e r c e n t .  
Thus t h e  model f u l f i l l s  our c r i t e r i a  of  t e c h n i c a l  v a l i d i t y .  The 
nex t  two s t e p s ,  s e n s i t i v i t y  a n a l y s i s  and dynamic base-run solu-  
t i o n  w i l l  be d i scus sed  i n  t h e  nex t  s e c t i o n s  of  t h e  paper.  
4 .  COMPARATIVE STATIC EXPERIMENTS 
There a r e  a t  l e a s t  two purposes f o r  do ing  some comparative 
s t a t i c  experiments.  F i r s t l y ,  by under tak ing  parameter changes 
and exp lo r ing  t h e  e q u i l i b r i u m  e f f e c t  on t h e  model, f u r t h e r  i n -  
s i g h t s  w i l l  be  gained about  t h e  behavior of  t h e  model. Thus a 
f u r t h e r  s t e p  i n  t h e  a t t empt  t o  v a l i d a t e  t h e  model i s  t aken .  
Secondly, some of t h e  comparative s t a t i c  exper iments  a r e  i n t e r -  
e s t i n g  from t h e  p o i n t  o f  view of  p o l i c y  a n a l y s i s .  These expe r i -  
ments w i l l  r e v e a l  t h e  s t a t i c ,  b u t  t o t a l  ( d i r e c t  a s  w e l l  a s  i n -  
d i r e c t )  e f f e c t ,  on t h e  economy of some o f  t h e  p o l i c y  v a r i a b l e s  
t h a t  t h e  19 th  cen tu ry  Swedish p o l i t i c i a n s  d i scussed .  These ex- 
per iments  w i l l  show how impor tan t  it i s  t o  ana lyze  economic 
p o l i c y  wi th in  a gene ra l  framework r a t h e r  than  a p a r t i a l  one. 
The exper iments  t h a t  w i l l  be p re sen ted  i n  t h i s  paper have 
been organized i n t o  two groups;  r u r a l  exper iments  and popula t ion  
experiments.  
Rural  Experiments 
Rural-to-urban migra t ion  i s  caused by t h e  i n t e r p l a y  hetween 
a g r i c u l t u r a l  and i n d u s t r i a l  development. I n  t h i s  p rocess  it i s  
n o t  obvious which e f f e c t  d i f f e r e n t  r u r a l  development p o l i c i e s  
have. There i s  no au tomat ic  l i n k  between an inc reased  produc- 
t i v i t y  and an  inc reased  r u r a l  wage o r  income. Even though t h e  
marginal  p r o d u c t i v i t y  o f  l a b o r  i n c r e a s e s  of a c e r t a i n  p o l i c y  
change, t h e  e f f e c t  on a g r i c u l t u r a l  wage can very we l l  be r eve r sed  
because of  a new lower equ i l i b r ium p r i c e  on a g r i c u l t u r a l  goods. 
I t  i s  t h u s  n o t  on ly  t h e  p a r t i a l  e f f e c t  w i t h i n  t h e  a g r i c u l t u r a l  
s e c t o r  which i s  of i n t e r e s t  when e v a l u a t i n g  d i f f e r e n t  a g r i c u l t u r a l  
p o l i c i e s  b u t  a l s o  t h e  i n d i r e c t  e f f e c t  v i a  t h e  l i n k a g e s  between 
t h e  r u r a l  p a r t  and t h e  res t  of t h e  economy. 
I n  t h e  Swedish c a s e  a g r i c u l t u r a l  o u t p u t  p e r  worker grew a t  
an annua l  r a t e  o f  1.19 p e r c e n t  d u r i n g  t h e  pre-world war pe r i od .  
T h i s  growth was due  t o  n o t  on ly  an  i n c r e a s e d  o u t p u t  p e r  a r e a  o f  
l a n d  ( th rough  a  more c a p i t a l  i n t e n s i v e  p roduc t i on )  b u t  a l s o  a  
growth i n  t h e  l a n d  a r e a  p e r  worker.  The c u l t i v a t i o n  o f  new l and  
p layed  a  c e r t a i n  r o l e .  Aga in s t  t h i s  background w e  have c a r r i e d  
o u t  f o u r  r u r a l  experiments-an e x t e n s i o n  o f  c u l t i v a t e d  l a n d ,  an  
i n c r e a s e  i n  a g r i c u l t u r a l  c a p i t a l  s t o c k ,  a n  i n c r e a s e  i n  t h e  e f f i -  
c i e n c y  o f  l a b o r  and a  change i n  wor ld  market  p r i c e s .  Some o f  
* 
t h e  r e s u l t s  o f  t h e  r u r a l  exper iments  a r e  summarized i n  Table  2.  
Rural Experiment  I :  Increased  Land 
The exogenous a c r e a g e  o f  l a n d  has  been e n l a r g e d  by 10 per-  
c e n t .  I t  r e s u l t s  i n  a  1.9 p e r c e n t  h i g h e r  o u t p u t  o f  a g r i c u l t u r a l  
goods. I n  a  s p e c i f i c  p e r i o d  o f  t i m e  t h e  c a p i t a l  s t o c k  and l a b o r  
f o r c e  i s  f i x e d  i n  t h e  r u r a l  a r e a  (mig ra t i on  o c c u r s  between two 
s t a t i c  s o l u t i o n s ) .  Thus t h e  marg ina l  p r o d u c t i v i t y  o f  l a b o r ,  a s  
w e l l  a s  o f  c a p i t a l ,  w i l l  i n c r e a s e .  The h i g h e r  supp ly  on t h e  
a g r i c u l t u r a l  market  p r e s s e s  t h e  p r i c e .  The new e q u i l i b r i u m  p r i c e  
i s  2 .5  p e r c e n t  lower ,  and outweighs  t h e  i n c r e a s e  i n  marg ina l  
p r o d u c t i v i t y  c a u s i n g  a  wage d e c r e a s e  o f  2 p e r c e n t .  Even t h e  r a t e  
o f  r e t u r n  on c a p i t a l  and t h e  l and  r e n t  d e c r e a s e s .  T h e r e f o r e  
t h e  n e t  income o f  r u r a l  households  goes  down, b u t  n o t  enough t o  
b a l a n c e  t h e  p o s i t i v e  e f f e c t  on demand of  a g r i c u l t u r a l  goods by 
t h e  lower p r i c e .  Ru r a l  demand i n c r e a s e s  by 0.3 p e r c e n t .  
The b e n e f i c i a r i e s  o f  t h e  e n l a r g e d  a r e a  o f  c u l t i v a t e d  l a n d  
a r e  n o t  t h e  r u r a l  p o p u l a t i o n  b u t  t h e  urban.  T h e i r  d i s p o s a l  i n -  
come i n c r e a s e s  by 1.8 p e r c e n t .  Th i s  i s  a  r e s u l t  of  bo th  a n  i n -  
c r e a s e  i n  t h e  demand f o r  i n t e r m e d i a t e  goods from a g r i c u l t u r e  and 
a n  i n c r e a s e  i n  t h e  p u r ch as ing  power o f  t h e  urban r e g i o n  caused 
by t h e  lowered p r i c e  on a g r i c u l t u r a l  goods. The urban house- 
h o l d s  spend a  l a r g e r  s h a r e  of  t h e i r  i n c r e a s e d  income on urban 
goods t h a n  on a g r i c u l t u r a l  goods t h u s  s t r e n g t h e n i n g  t h e  tendency 
* Fu r t h e r  r e s u l t s  a r e  d i s p l a y e d  i n  Appendix 11. 
Table 2. Comparative S t a t i c  I: r u r a l  experiments (percen tage  
d i f f e r e n c e  compared wi th  base run)  
Experiments 
Var i ab l e s  Base run I I1 I11 I V  
Output a g r i c u l t u r e  6 0 1  . O O  +1.9 +0.9 + 6.9 +6.9 
Wage i n  a g r i c u l t u r e  0.26 -2.0 -0.2 - 7.4 -0.1 
Domestic p r i c e  of 
a g r i c u l t u r a l  goods 
Gross investment  72.20 -0.9 -0.6 - 2.9 +2.0 
Gross domestic p roduc t  966.7 +0.5 +0.2 + 1.5 +2.7 
GDP p e r  c a p i t a  0.230 +0.4 +0.4 + 1.3 +2.7 
a  Migration p r e s s u r e  1.00 +6.1 +2.0 +14.8 +2.0 
a  Migration p re s su re  i s  simply an  index of  t he  r e l a t i o n s h i p  between wages i n  
r u r a l  and urban a r e a s ,  s e t  t o  1 i n  t h e  base run. 
of  income d i f f e r e n c e s .  Th i swho lep roces s  r e s u l t s  i n  a  widening 
of  t h e  r e l a t i v e  wages between r u r a l  and urban a r e a s  ( t h e  urban 
wages i n c r e a s e  by 1.4 p e r c e n t )  and t h u s  a  h ighe r  p r e s s u r e  on 
r u r a l  t o  urban mig ra t ion  i s  t h e  consequence of  t h i s  experiment.  
R u r a l  E x p e r i m e n t  11: I n c r e a s e  i n  C a p i t a l  S t o c k  
A 10 p e r c e n t  i n c r e a s e  i n  t h e  c a p i t a l  s t ock  of  a g r i c u l t u r e  
r e s u l t s  i n  a  0.9 p e r c e n t  h ighe r  ou tpu t .  The inc reased  produc- 
t i v i t y  of l a b o r  i s  counterbalanced by a  p r i c e  r educ t ion  on t h e  
a g r i c u l t u r a l  commodity market.  A g r i c u l t u r a l  p r i c e  dec reases  by 
1.2 p e r c e n t  and wage i n  a g r i c u l t u r e  by 0.2 percen t .  The e f f e c t  
i n  t h e  urban s e c t o r s  i s  s i m i l a r  t o  t h e  consequences of an in-  
c r e a s e  i n  l and ,  b u t  n o t  so  pronounced. The urban households 
f a c e  a  wage i n c r e a s e  of 0.7 pe rcen t ,  t h u s  caus ing  a  somewhat 
h ighe r  r u r a l -  to-urban migra t ion .  
R u r a l  E x p e r i m e n t  111: I n c r e a s e  i n  Labor P r o d u c t i v i t y  
I n  t h i s  experiment t h e  e f f i c i e n c y  of l a b o r  has  been in -  
c r eased  by 10 pe rcen t .  (This  has  been done by i n c r e a s i n g  t h e  
e f f i c i e n c y  parameter  l h l  i n  t h e  produc t ion  func t ion . )  This  in -  
c r e a s e  r e s u l t s  i n  a  6.7 p e r c e n t  h ighe r  ou tpu t ,  a g r i c u l t u r a l  
p r o d u c t i o n  h a s  been i n c r e a s e d  from 601 m i l l i o n  Swedish Kronor 
(SKr) t o  642.3 m i l l i o n .  Such a  l a r g e  i n c r e a s e  i n  supp ly  c a u s e s  
d r a m a t i c  changes  on t h e  commodity market .  P a r t s  of t h e  i n c r e a s e d  
supp ly  a r e  ex p o r t ed .  When t h e  domes t i c  p r i c e  l e v e l  d e c r e a s e s ,  
Sweden's r e l a t i v e  p r i c e s  a r e  improved and e x p o r t  i n c r e a s e s .  A t  
t h e  same t i m e ,  a g r i c u l t u r a l  impor t s  go down because  o f ,  i n  r e l a -  
t i v e  terms, t h e  more expens ive  imported goods. The i n c r e a s e d  
e x p o r t  and d ec r ea sed  impor t  c o u n t e r a c t s  t h e  domes t i c  a g r i c u l t u r a l  
commodity market ,  b u t  a  new e q u i l i b r i u m  p r i c e  i s  e s t a b l i s h e d ,  
8 .5  p e r c e n t  below t h e  "base  run"  p r i c e .  The . p r i c e  e f f e c t  i s  
l a r g e  enough t o  co u n t e r b a l ance  t h e  i n c r e a s e d  p r o d u c t i v i t y  o f  
l a b o r .  Wage d e c r e a s e s  by rough ly  7 p e r c e n t .  
The e f f e c t s  i n  t h e  u rban  s e c t o r  a r e  v e r y  much t h e  same as 
b e f o r e ;  t h e  lowered a g r i c u l t u r a l  p r i c e  augments t h e  r e l a t i v e  
purchas ing  power. The i n c r e a s e d  a g r i c u l t u r a l  demand f o r  i n t e r -  
mediary goods and t h e  l a r g e r  u rban  demand pushes  t h e  income of  
u rban  households  up. Wages and r a t e  o f  r e t u r n  on c a p i t a l  goes  
up by a  l i t t l e  more t h a n  4  p e r c e n t .  Thus t h e  mo t ive s  t o  m i g r a t e  
i n c r e a s e  and a more r a p i d  r e a l l o c a t i o n  o f  p o p u l a t i o n  can  be ex- 
p e c t e d  when l a b o r  p r o d u c t i v i t y  i n  a g r i c u l t u r e  expands.  
T h i s  exper iment  d i s p l a y s  more o r  less, t h e  same p i c t u r e  as 
t h e  p r e v i o u s  two. Improvement i n  a g r i c u l t u r e  e i t h e r  by more 
a c r e a g e ,  c a p i t a l  s t o c k ,  o r  l a b o r  p r o d u c t i v i t y  makes t h e  s i t u a t i o n  
worse f o r  t h e  r u r a l  p o p u l a t i o n  because  t h e  i n c r e a s e d  supp ly  f a c e s  
a  r e l a t i v e l y  i n e l a s t i c  demand, and t h e  p r i c e  w i l l  f a l l .  Thus a n  
a g r i c u l t u r a l  development p o l i c y  shou ld  be combined w i t h  a  demand 
i n c r e a s i n g  p o l i c y .  An example i s  g i v e n  i n  t h e  nex t  exper iment .  
R u r a l  E x p e r i m e n t  I V :  I n c r e a s e  i n  Labor P r o d u c t i v i t y  and World 
Market  P r i c e  
T h i s  exper iment  was under taken  t o  s i m u l a t e  a  s c e n a r i o  w i t h  
a  h i g h e r  demand on a g r i c u l t u r a l  goods th rough  a n  i n c r e a s e  i n  
t h e  f o r e i g n  demand. It was done by i n c r e a s i n g  t h e  wor ld  market  
p r i c e  by 10 p e r c e n t  (PW1). A t  t h e  same t i m e  w e  have k e p t  t h e  
h i g h e r  l a b o r  p r o d u c t i v i t y  d i s c u s s e d  i n  t h e  p r e v i o u s  exper iment .  
A h i g h e r  wor ld  market  p r i c e  has  i n i t i a l l y  two e f f e c t s  on  
t h e  economy; ( 1 )  e x p o r t  i n c r e a s e s  because  Swedish goods a r e  be- 
coming r e l a t i v e l y  ch eap e r  on t h e  wor ld  marke t ,  and ( 2 )  a  t en -  
dency towards h i g h e r  p r i c e s  on t h e  domes t i c  market  of  a g r i c u l -  
t u r a l  goods, because  t h e  impor ted  supp ly  i n  t h i s  market  i s  be- 
coming more expens ive .  The model s i m u l a t i o n  conf i rms  t h e s e  e f -  
f e c t s .  Expor t  o f  a g r i c u l t u r e  i n c r e a s e s  by 4 0  p e r c e n t .  T h i s  i s  
caused n o t  o n l y  by t h e  h i g h e r  world market  p r i c e  b u t  a l s o  by 
i n c r e a s e d  l a b o r  p r o d u c t i v i t y  which d e c r e a s e s  c o s t s  o f  p roduc t i on .  
The e f f e c t  on e x p o r t  o f  o n l y  i n c r e a s e d  p r o d u c t i v i t y  i s  around 
25 p e r c e n t .  The new e q u i l i b r i u m  p r i c e  i s  j u s t  3 p e r c e n t  lower 
compared w i t h  t h e  b a s e  s o l u t i o n .  R e m e m b e r  t h a t  t h e  p r i c e  d e c r e a s e ,  
when o n l y  a  p r o d u c t i v i t y  i n c r e a s e  o f  l a b o r  was under taken ,  was 
8  p e r c e n t .  
The e f f e c t  o f  a n  i n c r e a s e d  e x p o r t  i s  a lmos t  enough t o  ou t -  
w e i g h t h e  lower ing  e f f e c t  on  r u r a l  wage caused by i n c r e a s e d  l a b o r  
p r o d u c t i v i t y .  Rura l  wage d e c r e a s e s  by 0.1  p e r c e n t .  The aggre-  
g a t e d  e f f e c t  on  t h e  economy i s  s i g n i f i c a n t .  Gross  domest ic  pro- 
d u c t  i n c r e a s e s  by 2.7 p e r c e n t .  
P o p u l a t i o n  Experiments  
The r o l e  of  p o p u l a t i o n  i n c r e a s e  i n  t h e  development and u r -  
b a n i z a t i o n  p r o c e s s  i s  v e r y  compl ica ted .  An i n c r e a s e d  p o p u l a t i o n  
adds  t o  t h e  l a b o r  f o r c e  and t h u s  a f f e c t s  t h e  supp ly  s i d e  o f  t h e  
economy. I t  a l s o  a f f e c t s  demand o f  commodities and f a c t o r s  of  
p r o d u c t i o n  by e n l a r g i n g  t h e  domest ic  market .  The n e t  e f f e c t  on  
r e g i o n a l  incomes, m i g r a t i o n ,  and development o f  t h e s e  i n t e r a c t -  
i n g  f o r c e s  i s  n o t  immedia te ly  obvious ,  and t h e y  have t o  b e  an- 
a l y z e d  i n  a  g e n e r a l  e q u i l i b r i u m  framework. 
I n  t h e  Swedish c a s e  emig ra t i on  had a  l a r g e  impact  on t h e  
development of  p o p u l a t i o n .  Emigra t ion  s t a r t e d  i n  t h e  1850s and 
b e f o r e  i n d u s t r i a l i z a t i o n  took  o f f  i n  t h e  1870s,  t h e  f i r s t  b i g  
wave o f  em i g r a t i o n  was t e rmina t ed .  I t  was a  combined f o r c e  of 
r e s t r a i n e d  r e l i g i o u s  freedom and bad h a r v e s t s  i n  t h e  1860s t h a t  
caused t h i s  f i r s t  wave. For  a  d i s c u s s i o n  o f  t h e  Swedish emigra- 
t i o n  see Runblom and Norman (1976) .  I n  1871 (which i s  t h e  s t a r t -  
i n g  p o i n t  f o r  o u r  s t u d y )  t h e  p o p u l a t i o n  would have been 5  p e r c e n t  
h i g h e r  i f  no e m i g r a t i o n  had occur red .  T h i s  i n c r e a s e  i n c l u d e s  
n o t  o n l y  t h o s e  who emigra ted  b u t  a l s o  t a k e s  i n t o  accoun t  t h e  
expec ted  p o p u l a t i o n  growth among t h e  emig ran t s  (Hofs ten  and 
LundstrGm 1976) .  
The compara t ive  s t a t i c  exper iments  p r e s e n t e d  i n  t h i s  sec- 
t i o n  examine t h e  e f f e c t  of  5  p e r c e n t  more peop le  i n  t h e  1870 
economy of  Sweden. By choosing t h i s  amount of  p o p u l a t i o n  i n -  
c r e a s e  w e  w i l l  a l s o  be  a b l e  t o  i n d i c a t e  some of  t h e  consequences 
o f  e m i g r a t i o n .  I n  t h e  f i r s t  exper iment  t h e  t o t a l  i n c r e a s e  o f  
p o p u l a t i o n  i s  added t o  t h e  r u r a l  p o p u l a t i o n ,  i n  t h e  second ex- 
pe r iment  t h e  p o p u l a t i o n  i s  unchanged from t h e  b a s e  run ,  b u t  t h e  
l a b o r  p a r t i c i p a t i o n  r a t e  i s  i n c r e a s e d  s o  t h a t  t h e  a g r i c u l t u r a l  
l a b o r  f o r c e  i s  t h e  same i n  t h e  two exper iments .  I n  t h e  t h i r d  
exper iment  t h e  5  p e r c e n t  i n c r e a s e  i n  p o p u l a t i o n  i s  e q u a l l y  d i s -  
t r i b u t e d  between r u r a l  and u rban  a r e a s .  Table  3  and Appendix I1 
summarize t h e  r e s u l t s  o f  t h e  t h r e e  p o p u l a t i o n  exper iments .  
PopuZation Experiment  I :  Increase  i n  Rural PopuZation 
T h i s  exper iment  i s  under taken  by add ing  a  5  p e r c e n t  i n -  
c r e a s e  i n  t o t a l  p o p u l a t i o n  t o  t h e  r u r a l  popu l a t i on .  The r u r a l  
p o p u l a t i o n  t h u s  i n c r e a s e s  by 6.9 p e r c e n t .  W e  have k e p t  t h e  
res t  o f  t h e  p a r am e t e r s  and t h e  exogenous v a r i a b l e s  t h e  same a s  
i n  t h e  b a s e  run .  The i n c r e a s e d  p o p u l a t i o n  w i l l  t h u s  g i v e  t h e  
same i n c r e a s e  i n  l a b o r  f o r c e .  (The t o t a l  l a b o r  f o r c e  p a r t i c i -  
p a t i o n  r a t e ,  i . e . ,  l a b o r  f o r c e  o u t  o f  t o t a l  p o p u l a t i o n ,  i s  35 
p e r c e n t  i n  a g r i c u l t u r e . )  T h i s  l a r g e  change i n  p o p u l a t i o n  h a s  
a n  e x t e n s i v e  e f f e c t  on  t h e  a g r i c u l t u r a l  wage. By i n c r e a s i n g  
t h e  l a b o r  f o r c e ,  and keeping l a n d  and c a p i t a l  s t o c k  f i x e d ,  t h e  
marg ina l  p r o d u c t i v i t y  o f  l a b o r  d imin i she s .  T h i s  downward p res -  
s u r e  on  wages i s  s t en g t h ened  by a  p r i c e  d e c r e a s e  i n  t h e  commod- 
i t y  market .  A g r i c u l t u r a l  o u t p u t  i n c r e a s e s  by 4.8 p e r c e n t .  But 
t h i s  i n c r e a s e  i s  n o t  i n  i t s  t o t a l  added t o  t h e  p r e v i o u s  supp ly  
on t h e  domes t i c  marke t .  Expor t  i n c r e a s e s  (11.5 p e r c e n t )  and 
impor t  d e c r e a s e s  ( 2 . 2  p e r c e n t ) .  But even by f o r e i g n  t r a d e  ad- 
j u s t m e n t s  t h e  domes t i c  p r i c e  h a s  t o  be lowered by 3.8 p e r c e n t  
t o  e q u i l i b r a t e  t h e  market .  I n c r e a s e  i n  demand by r u r a l  (5.8 
p e r c e n t )  and u rban  (3.9 p e r c e n t )  househo lds ,  and f o r  i n t e r m e d i a r y  
Table  3 .  Comparat ive S t a t i c  11: p o p u l a t i o n  e x p e r i m e n t s  (pe r -  
c e n t a g e  d i f f e r e n c e  compared w i t h  b a s e  r u n )  
Experiment  
V a r i a b l e s  Base r u n  I 
T o t a l  p o p u l a t i o n  
R u r a l  p o p u l a t i o n  
Urban p o p u l a t i o n  
M i g r a t i o n  p r e s s u r e  
Outpu t  a g r i c u l t u r e  
Gross i n v e s t m e n t  
Gross  domes t i c  
p r o d u c t  
GDP p e r  c a p i t a  
d e l i v e r i e s ,  i s  n o t  enough t o  match t h e  i n c r e a s e d  supp ly .  The 
lower p r o d u c t i v i t y  o f  l a b o r  and t h e  l o w e r  p r i c e  on  a g r i c u l t u r a l  
o u t p u t  r e s u l t s  i n  a  new e q u i l i b r i u m  wage 8.1 p e r c e n t  below t h e  
wage i n  t h e  b a s e  s o l u t i o n .  
However, t h e  i n c r e a s e d  r u r a l  p o p u l a t i o n  h a s  a  r e v e r s e  e f -  
f e c t  on  u rban  wages. They i n c r e a s e  by 2.1 p e r c e n t .  T h i s  i s  
t h e  r e s u l t  of  a  r e a l l o c a t i o n  o f  l a b o r  among t h e  u rban  sectors, 
which i s  caused  by p r i c e  and income changes .  Thus t h e  develop-  
ment i n  t h e  r u r a l  a s  w e l l  a s  t h e  urban r e g i o n s  h a s  t h e  same ef- 
f e c t  on r u r a l - t o - u r b a n  m i g r a t i o n ;  it i s  s t r e n g t h e n e d .  The 
r e l a t i v e  wage d i f f e r e n t i a l s  a r e  i n c r e a s e d  by 10 p e r c e n t .  
When summing up t h e  e f f e c t s ,  g r o s s  domes t i c  p r o d u c t  i n -  
c r e a s e s  by 1.4 p e r c e n t  t o  980.2 m i l l i o n  SKr. But t h i s  i n c r e a s e  
i s  n o t  enough t o  b a l a n c e  t h e  i n c r e a s e d  p o p u l a t i o n .  The p e r  
c a p i t a  income d e c r e a s e s  by 3.4 p e r c e n t .  
P o p u l a t i o n  Exper imen t  1 1 :  I n c r e a s e d  Labor P a r t i c i p a t i o n  Ra te  
i n  A g r i c u l t u r e  
The e f f e c t  on t h e  economy i n  t h e  p r e v i o u s  exper iment  can be 
d i v i d e d  i n t o  two p a r t s ;  t h e  e f f e c t  v i a  h i g h e r  employment, and 
t h e  d i r e c t  e f f e c t  on demand because o f  a  h i g h e r  p o p u l a t i o n  (sub- 
s i s t e n c e  consumption i s  d e f i n e d  p e r  c a p i t a ) .  T h i s  second e x p e r i -  
ment h a s  been under taken  t o  see how impor t an t  t h e s e  two e f f e c t s  
a r e .  I n  t h i s  r u n  w e  have k e p t  t h e  base  run  p o p u l a t i o n  unchanged 
b u t  i n c r e a s e d  t h e  l a b o r  p a r t i c i p a t i o n  r a t e  by 6.9 p e r c e n t .  Thus 
w e  w i l l  have t h e  same e f f e c t  on a g r i c u l t u r a l  o u t p u t ,  it  i n c r e a s e s  
by 4.8 p e r c e n t  b u t  n o t  t h e  d i r e c t  demand e f f e c t  o f  a  h i g h e r  popu- 
l a t i o n .  The d i r e c t  e f f e c t  on demand caused  by a  h i g h e r  p o p u l a t i o n  
comes a bo u t  because  i n t h e d e m a n d  f u n c t i o n  a  s u b s i s t e n c e  consump- 
t i o n  o f  a g r i c u l t u r a l  goods i s  f i r s t  m e t  b e f o r e  t h e  demand on t h e  
rest o f  t h e  goods i s  de te rmined .  A h i g h e r  p o p u l a t i o n  i n c r e a s e s  
demand on  a g r i c u l t u r a l  goods, c e t e r i s  p a r i b u s .  
The b i g  d i f f e r e n c e  between t h e s e  two r u n s  can  be expec ted  
i n  t h e  commodity market  of  a g r i c u l t u r a l  goods, which i s  what 
happens. The p r i c e  f a l l s  by 6.1 p e r c e n t  i n s t e a d  o f  3.8 p e r c e n t  
even though t h e r e  i s  a  r ise  i n  e x p o r t s  by 18.6 p e r c e n t  i n s t e a d  
of  11.1 p e r c e n t  and i m p o r t s  d imin i sh  by 6.6 p e r c e n t  compared w i t h  
2 . 2  p e r c e n t  i n  t h e  p r e v i o u s  run .  The e f f e c t  on a g r i c u l t u r a l  
wages i s  a  d i s a s t e r .  I t  i s  11.4 p e r c e n t  lower t h a n  i n  t h e  ba se  
run .  Even t h e  r e t u r n  on c a p i t a l  and l a n d  goes  down i n  r u r a l  
a r e a s  (-3.5 p e r c e n t )  . 
I n  t h e  urban r e g i o n  t h e  e f f e c t  i s  t h e  same a s  i n  t h e  p re -  
v i o u s  exper iment ,  b u t  s t r e n g t h e n e d  because  o f  t h e  i n c r e a s e  i n  
r e a l  p u r ch as i n g  power. Return  on c a p i t a l  and wage i n c r e a s e s  by 
rough ly  3 p e r c e n t  c a u s i n g  an  i n c r e a s e  i n  h i g h  income e l a s t i c i t y  
goods. The consumer goods s e c t o r  i n c r e a s e s  by 2.6 p e r c e n t  and 
t h e  s e r v i c e  s e c t o r  by 0.5  p e r c e n t .  Th i s  change i n  t h e  demand 
p a t t e r n  r e s u l t s  i n  a  r e a l l o c a t i o n  o f  f a c t o r s  o f  p roduc t i on  from 
t h e  e x p o r t - o r i e n t e d  s e c t o r  ( s e c t o r  2 )  t o  t h e  s e c t o r s  d i r e c t e d  
t o  f i n a l  demand. Given t h a t  t h e  r e s o u r c e s  o f  l a b o r  and c a p i t a l  
i n  t h e  urban r e g i o n  a r e  f i x e d ,  o u t p u t  of  s e c t o r  2 has  t o  d imin i sh  
a s  w e l l  a s  i t s  e x p o r t .  Domestic demand p u l l s  f a c t o r s  o f  produc- 
t i o n  away from t h e  base  i n d u s t r i e s .  
The t o t a l  e f f e c t  on t h e  economy i s  s l i g h t l y  lower t han  i n  
t h e  p r e v i o u s  run.  GDP i n c r e a s e s  by 1.1 p e r c e n t  i n s t e a d ,  compared 
w i t h  1.4 p e r c e n t .  But p e r  c a p i t a  growth,  of  cou r se  p o s i t i v e  i n  
t h i s  c a s e ,  i s  i n c r e a s e d  by 1.1 p e r c e n t .  Thus t h e  d i r e c t  e f f e c t  
v i a  demand of a  h i g h e r  popu la t i on  i s  p o s i t i v e  b u t  n o t  a s  impor t an t  
a s  t h e  "employment i n c r e a s e "  e f f e c t .  Roughly 20 p e r c e n t  o f  t h e  
t o t a l  e f f e c t  on GDP can be connected w i t h  t h e  d i r e c t  demand- 
c r e a t i n g  e f f e c t  o f  a  h i g h e r  popu la t i on .  
P o p u l a t i o n  Exper imen t  111:  I n c r e a s e  i n  Bo th  Rura l  and Urban 
P o p u l a t i o n  
I n  t h i s  exper iment  t h e  5 p e r c e n t  i n c r e a s e  i n  t o t a l  popula- 
t i o n  has  b e e n e q u a l l y  a l l o c a t e d  between r u r a l  and urban a r e a s .  
I t  r e s u l t s  i n  a  3.4 p e r c e n t  i n c r e a s e  i n  r u r a l  p o p u l a t i o n  and a  
9.0 p e r c e n t  growth o f  t h e  urban popu la t i on .  The o u t p u t - c r e a t i n g  
e f f e c t  i n  a g r i c u l t u r e  i s  h a l f  of t h e  e f f e c t  i n  t h e  p r e v i o u s  two 
exper iments .  The e n l a r g e d  demand f o r  a g r i c u l t u r a l  commodities 
due t o  mainly i n c r e a s e d  s u b s i s t e n c e  consumption outweighs t h e  
supp ly  e f f e c t  r e s u l t i n g  i n  a  h i g h e r  e q u i l i b r i u m  p r i c e .  I t  con- 
t r i b u t e s  t o  a  p o s i t i v e  e f f e c t  on t h e  income of  r u r a l  households.  
Both c a p i t a l i s t  and l a b o r e r  incomes i n c r e a s e  w i t h  a  l a r g e r  
change f o r  t h e  c a p i t a l i s t s .  
I n  t h e  urban s e c t o r  t h e  h ighe r  supp ly  of  l a b o r  has  a  d r a -  
ma t i c  e f f e c t  on f a c t o r  r e t u r n .  The r e l a t i v e  c o s t  of l a b o r  i s  
lowered and f i r m s  i n  t h e  d i f f e r e n t  urban s e c t o r s  s u b s t i t u t e  
l a b o r  f o r  c a p i t a l .  A t  t h e  same t i m e  a  h i g h e r  aggrega ted  income 
of urban households  i n c r e a s e s  demand. Both agg rega t e  income of 
c a p i t a l  and l a b o r  i n c r e a s e s .  (The pe rcen t age  change of  t h e  urban 
l a b o r  f o r c e  i s  l a r g e r  t han  t h e  e f f e c t  on urban wages.) The de- 
mand e f f e c t  i s  s t r o n g e r  t han  t h e  supp ly  e f f e c t  on t h e  main urban 
commodity markets  and domest ic  p r i c e s  i n c r e a s e .  Notable  i s  t h e  
e f f e c t  on t h e  expo r t -o r i en t ed  s e c t o r .  The h i g h e r  supp ly  o f  l a b o r  
and t h e  s u b s t i t u t i o n  of l a b o r  f o r  c a 2 i t a l  r e l e a s e  r e s o u r c e s  f o r  
p roduc t i on  of s e c t o r  2 ,  i n c r e a s i n g  i t s  o u t p u t  by 9  pe rcen t ,  t h e  
main s h a r e  be ing  expor ted .  Expor t  of  s e c t o r  2  i n c r e a s e s  by 11 
p e r c e n t .  
The p o s i t i v e  e f f e c t s  on t o t a l  income and t h e  r e l a t i v e l y  
l a r g e r  i n c r e a s e  i n  c a p i t a l i s t  income e n l a r g e  t h e  s a v i n g s .  I t  
i n c r e a s e s  by 9  p e r c e n t  compared w i t h  a  m o r e o r  less u n a f f e c t e d  
amount o f  s a v i n g s  when t h e  popu l a t i on  i n c r e a s e  was c o n c e n t r a t e d  
i n  t h e  r u r a l  s e c t o r  (exper iment  I ) .  (The s a v i n g s  r a t e  i s  h i g h e r  
f o r  c a p i t a l i s t s ' i n c o m e  compared w i t h  income o f  l a b o r ,  b u t  t h e r e  
i s  no d i f f e r e n c e  between r u r a l  and urban househo lds . )  Thus an  
i n c r e a s e  i n  p o p u l a t i o n  which i s  b i a s e d  towards urban s e c t o r s  
w i l l  have a  s i g n i f i c a n t  g rowth-c rea t ing  e f f e c t .  But t h i s  e f f e c t  
w i l l  n o t  o ccu r  i n  a  dynamic framework i f  t h e  popu l a t i on  i n c r e a s e  
i n  urban s e c t o r s  h a s  t o  be c r e a t e d  by mainly ru ra l - to -u rban  m i -  
g r a t i o n .  A comparison between t h e  f i r s t  and t h i r d  exper iments  
i n d i c a t e s  t h a t  a s  t h e  p r o c e s s  o f  u r b a n i z a t i o n  c o n t i n u e s ,  t h e  
p r e s s u r e  t o  m i g r a t e  i s  slowed down by an i n c r e a s e  i n  r u r a l  wage 
and a  d e c r e a s e  i n  urban wage. The m i g r a t i o n  p r e s s u r e  i n c r e a s e d  
by 10 p e r c e n t  i n  t h e  f i r s t  p o p u l a t i o n  exper iment ,  and i n  t h e  
t h i r d  run  it was 6 p e r cen t l owercompared  w i t h  t h e  base  run .  The 
g rowth- inc reas ing  e f f e c t  w i l l ,  t h e r e f o r e ,  never  be  s o  pronounced. 
But t h i s  t e n t a t i v e  c o n c l u s i o n  should  be examined by dynamic 
s i m u l a t i o n  exper iments .  
5. DYNAMIC EXPERIMENTS 
To be a b l e  t o  under take  c o u n t e r f a c t u a l  s i m u l a t i o n s  o f  t h e  
Swedish demoeconomic development a  r e f e r e n c e  p a t h  h a s  f i r s t  t o  
be s imula ted .  I t  i s  t h e  ba se  run ,  and shou ld  r e p l i c a t e  a s  c l o s e  
a s  p o s s i b l e  t h e  h i s t o r i c a l  t r e n d s  o f  some o f  t h e  c r u c i a l  v a r i -  
a b l e s .  The base  r u n  i s  c a r r i e d  o u t  f o r  t h e  p e r i o d  1871-1890. 
Being a b l e  t o  r e p l i c a t e  h i s t o r y  i s  a l s o  t h e  l a s t  s t e p  i n  v a l i -  
d a t i n g  t h e  model. I n  t h e  n e x t  s e c t i o n  t h e  ba se  s i m u l a t i a h  i s  
e v a l u a t e d  fo l lowed by a  d i s c u s s i o n  of  t h r e e  d i f f e r e n t  coun t e r -  
f a c t u a l  s i m u l a t i o n s .  The f i r s t  o f  t h e s e  i s  a  s i m u l a t i o n  w i t h  
no p o s s i b i l i t y  o f  e m i g r a t i o n  a f t e r  t h e  y e a r  1871. The second 
t r i e s  t o  an a l y ze  t h e  r o l e  o f  r u r a l - t o -u rban  m i g r a t i o n  by c l o s i n g  
a l l  m i g r a t i o n  p o s s i b i l i t i e s .  The l a s t  c o u n t e r f a c t u a l  s i m u l a t i o n  
a d d r e s s e s  t h e  same q u e s t i o n  b u t  a n a l y s e s  it by i n c r e a s i n g  migra- 
t i o n  response .  
Base Run S i m u l a t i o n  1871-1890 
During t h e  p e r i o d  1871 t o  1890 Sweden underwent t h e  f i r s t  
phase  o f  i n d u s t r i a l i z a t i o n .  The f i r s t  decade ,  t h e  1870s, was a  
p e r i o d  o f  r a p i d  growth e s p e c i a l l y  f o r  t h e  e x p o r t - o r i e n t e d  i n -  
d u s t r i e s ,  t h e  s aw m i l l s ,  and t h e  s t e e lworks .  The second p a r t  
o f  t h e  p e r i o d ,  t h e  1 8 8 0 ~ ~  was s l i g h t l y  more dampened because  o f  
an i n t e r n a t i o n a l  r e c e s s i o n .  T h i s  i s  r e f l e c t e d  i n  t h e  o v e r a l l  
growth o f  GDP f o r  t h e  f i r s t  and second h a l f  o f  t h i s  pe r i od .  
Gross domes t i c  p r o d u c t  grew a t  an annua l  r a t e  o f  2.3 p e r c e n t  
f o r  t h e  e n t i r e  p e r i o d ,  b u t  w i t h  a  h i g h e r  r a t e  o f  2.6 p e r c e n t  
d u r i n g  t h e  f i r s t  decade (see Table  4 ) .  
These h i s t o r i c a l  r e c o r d s  a r e  r e f l e c t e d  i n  t h e  performance 
o f  t h e  model. The same tendency occu r s .  For  t h e  e n t i r e  p e r i o d  
1871-1890, t h e  model g e n e r a t e s  a  growth o f  2.9 p e r c e n t  b u t  w i t h  
a  h i g h e r  r a t e  o f  3.1 f o r  t h e  f i r s t  p a r t .  The s e c t o r i a l  growth 
r a t e s  a r e  a l s o  c l o s e  t o  t h e  h i s t o r i c a l  t r e n d s .  
During t h e  1870s a g r i c u l t u r a l  o u t p u t  grew a t  a  r a t e  o f  2.1 
p e r c e n t  i n  t h e  h i s t o r i c a l  d a t a  and w i t h  2.0 p e r c e n t  i n  t h e  
model. During t h e  second p a r t  o f  t h e  p e r i o d  t h e  growth r a t e  
slowed down c o n s i d e r a b l y .  The model c a p t u r e s  t h e  tendency b u t  
n o t  t h e  magnitude of  t h i s  change. I n c r e a s i n g  compe t i t i on  on 
t h e  world market  i s  p a r t  o f  t h e  reason  f o r  t h i s  development.  
World market  p r i c e s  f o r  g r a i n  f e l l ,  and e x p o r t  d imin i shed  d u r i n g  
t h e  1880s. Compared w i t h  1871 a g r i c u l t u r a l  e x p o r t  d i s p l a y e d  a  
n e g a t i v e  growth o f  2.8 p e r c e n t  i n  t h e  h i s t o r i c a l  d a t a  and 2.4 
p e r c e n t  i n  t h e  model. 
One o f  t h e  c r u c i a l  v a r i a b l e s  f o r  t h e  growth o f  t h e  economy 
i s  c a p i t a l  fo rmat ion .  The f o r m u l a t i o n  o f  c a p i t a l  growth i s  
w i t h i n  t h e  n e o c l a s s i c a l  t h e o r y  o f  growth; s a v i n g s  de t e rmines  
inves tment .  I n  t h e  model s a v i n g s  a r e  endogenously determined 
and g e ne r a t ed  by t h r e e  d i f f e r e n t  sou rce s :  r u r a l  households ,  
urban househo lds ,  and government ( f o r e i g n  s a v i n g s  i s  a  p a r t  o f  
governmental  s a v i n g s ) .  The growth o f  t o t a l  c a p i t a l  s t o c k  was 
2.0 p e r c e n t  i n  t h e  h i s t o r i c a l  r e c o r d s  f o r  t h e  1871-1880 p e r i o d ,  
a n d l . 7  p e r c e n t  f o r  t h e  e n t i r e  p e r i o d .  The model g e n e r a t e s  a  
Table  4 .  Average annua l  growth r a t e s  ( i n  p e r c e n t )  1871-1890. 
1871-1880 1871-1890 
v a r i a b l e s a  H i s t o r i c a l  Model H i s t o r i c a l  Model 
EX3 
EX4 
IM1 
IM2 
IM3 
GDP 
a  See Appendix I f o r  an explanation of  the  var iables .  
growth o f  c a p i t a l  s t o c k  o f  1.9 p e r c e n t  d u r i n g  t h e  f i r s t  decade 
and 2.4 p e r c e n t  d u r i n g  t h e  e n t i r e  pe r i od .  A s  can be  s e e n  i n  
Tab le  5, c a p i t a l  s t o c k s  of  u rban  and r u r a l  s e c t o r s  g e n e r a t e d  by 
t h e  model a r e  c l o s e  t o  t h e  h i s t o r i c a l  f i g u r e s .  
The o t h e r  i m p o r t an t  f a c t o r  o f  growth i s  popu l a t i on .  I n  
t h e  dynamic s i m u l a t i o n s ,  p o p u l a t i o n  o f  r u r a l  and u rban  a r e a s  
a r e  endogenous. P o p u l a t i o n  growth i s  de te rmined  by t h e  n e t  
n a t u r a l  i n c r e a s e  (which i s  d i f f e r e n t  f o r  t h e  two r e g i o n s ) ,  m i -  
g r a t i o n  between t h e  two r e g i o n s ,  and emig ra t i on .  N o  m i g r a t i o n  
s t a t i s t i c s  a r e  a v a i l a b l e  on  a  y e a r l y  b a s i s  between t h e  y e a r s  o f  
p o p u l a t i o n  cen su se s  1870, 1880, and 1890. The e x i s t i n g  employ- 
ment f i g u r e s  f o r  a g r i c u l t u r e  a r e  i n t e r p o l a t i o n s  between t h e s e  
benchmark y e a r s  s o  it i s  d i f f i c u l t  t o  e v a l u a t e  t h e  m i g r a t i o n  
p a t t e r n  produced by t h e  model. However, t h e  r e s u l t i n g  d i s t r i b u -  
t i o n  o f  p o p u l a t i o n  i n  1880 and 1890 can be  compared w i t h  h i s t o r i -  
c a l  d a t a .  The f i g u r e s  a r e  d i s p l a y e d  i n  F i g u r e  6 .  
Table 5.  Average annua l  growth r a t e s  ( i n  p e r c e n t )  1871-1890.  
1871-1880 1871-1890 
Var iab l e s  H i s t o r i c a l  Model H i s t o r i c a l  Model 
T o t a l  popu la t ion  
Urban popu la t ion  
Rural  popu la t ion  
T o t a l  l a b o r  f o r c e  
Urban l a b o r  f o r c e  
Rural  l a b o r  f o r c e  
To ta l  c a p i t a l  s t o c k  
Urban c a p i t a l  s t o c k  
Rural  c a p i t a l  s t o c k  
GD P 
GDP p e r  c a p i t a  
Table  6. Coun te r f ac tua l  Simulat ion I: no emig ra t ion  (average 
annual  growth r a t e s  i n  p e r c e n t ) .  
Va r i ab l e s  
1880 189n  
Base No Base No 
run  emigra t ion  run  emigra t ion  
T o t a l  popu la t ion  1  .O 
Urban popu la t ion  2.9 
Rural  popu la t ion  0.2 
T o t a l  c a p i t a l  s t o c k  1.9 
Urban c a p i t a l  s t ock  2.9 
Rural  c a p i t a l  s t o c k  0.6 
Degree of u rban iza t iona  0.327 
Degree of 
i n d u s t r i a l i z a t i o n  b 0.636 
GDP 3.1 
GDP p e r  c a p i t a  2.2 
a  bShare of urban population out of total population. 
Share of value-added of urban sectors (in fixed prices) out of GDP (in 
fixed prices) . 
I n  b o t h  1880 and 1890 t h e  d i s t r i b u t i o n  i s  v e r y  c l o s e  be- 
tween t h e  h i s t o r i c a l  r e c o r d s  and t h e  model s i m u l a t i o n s .  Between 
1871 and 1890 u rban  p o p u l a t i o n  grew a t  a n  annua l  ave r age  of  2.4 
p e r c e n t  a c c o r d i n g  t o  t h e  s t a t i s t i c s  compared w i t h  2.7 p e r c e n t  i n  
t h e  model, and t h i s  growth r a t e  was r a t h e r  s t a b l e  o v e r  t h e  whole 
p e r i o d .  The r u r a l  p o p u l a t i o n  was growing by 0.2 p e r c e n t  d u r i n g  
t h e  f i r s t  p a r t  of  t h e  p e r i o d .  (The model f i g u r e  i s  e x a c t l y  t h e  
same a s  t h e  h i s t o r i c a l  r a t e . !  During t h e  1880s o u t m i g r a t i o n  
over took  t h e  n e t  i n c r e a s e  o f  p o p u l a t i o n  i n  r u r a l  a r e a s  and it 
s t a r t e d  t o  d e c l i n e .  For  t h e  e n t i r e  p e r i o d ,  t h e  p e r c e n t  o f  a c t u a l  
d e c l i n e  o f  t h e  r u r a l  p o p u l a t i o n  was 0.1 p e r c e n t  conpared w i t h  
0.2 p e r c e n t  i n  t h e  model. T h i s  a l s o  e x p l a i n s  t h e  o p p o s i t e  s i g n  
o f  l a b o r  f o r c e  change i n  t h e  r u r a l  a r e a  between a c t u a l  and model 
f i g u r e s .  I n  t h e  model, t h e  t u r n i n g  p o i n t  of t h e  r u r a l  popula-  
t i o n  o c cu r r ed  somewhat e a r l i e r  t h a n  it d i d  h i s t o r i c a l l y ,  and t h e  
h i g h e r  d e c l i n e  i n  t h e  model outweighed t h e  i n c r e a s e  i n  l a b o r  
s u p p l y  caused by t h e  i n c r e a s e  l a b o r  p a r t i c i p a t i o n  r a t e s  f o r  women 
t h a t  took p l a c e  d u r i n g  t h e  same p e r i o d .  
The b a s e  r u n  s i m u l a t i o n  from 1871 t o  1890 i n d i c a t e s  t h a t  
t h e  model c a p t u r e s  some of t h e  e s s e n t i a l  f a c t o r s  o f  t h e  demo- 
economic development of Sweden. The a b i l i t y  o f  t h e  model t o  
r e p l i c a t e  t h e  h i s t o r i c a l  t r e n d s  i n  some o f  t h e  c r u c i a l  v a r i a b l e s  
a l l o w s  u s  t o  u s e  t h i s  b a s e  s i m u l a t i o n  a s  a  r e f e r e n c e  p a t h  when 
u n d e r t a k i n g  c o u n t e r f a c t u a l  s i m u l a t i o n s .  Through t h e s e  simula-  
t i o n s  t h e  impor tance  of e m i g r a t i o n  and m i g r a t i o n  i n  t h e  c a s e  o f  . 
Sweden w i l l  be  d i s c u s s e d .  
Three dynamic exper iments  have been under taken .  The f i r s t  
e v a l u a t e s  t h e  a f f e c t s  o f  e m i g r a t i o n  on t h e  Swedish economy, and 
t h e  o t h e r  two t h e  impor tance  of  r u r a l - t o -u rban  m i g r a t i o n .  
C o u n t e r f a c t u a l  S i m u l a t i o n  I: No Emigra t ion  
What r o l e  d i d  e m i g r a t i o n  p l a y  i n  Sweden's development? 
I t s  consequences have been d i s c u s s e d  s i n c e  Wickse l l  p o i n t e d  o u t  
i n  t h e  1880s t h a t  e m i g r a t i o n  so lved  t h e  p r o l e t a r i z a t i o n  problem 
i n  Swedish a g r i c u l t u r e  (Wickse l l  1882) .  But what were t h e  long- 
term consequences o f  em i g ra t i on?  Would a  l a r g e r  p o p u l a t i o n  have 
i n c r e a s e d  t h e  economic growth because  o f  i t s  enlargement  o f  t h e  
























